ABSTRACT: The kinetics of decomposition of poly(butylene itaconate)(PBI) and poly (butylene terephthalate-co-butylene itaconate)(PBTI) with different monomer ratios of itaconate and dimethyl terephthalate were studied by means of thermal gravimetrical analyzer (TGA) from 30℃ to 700℃ in nitrogen. Friedman model was applied to quantitatively evaluate the kinetic parameters in terms of activation energy (E), the reaction order (n) and the pre-exponential factor (Z). The results clearly demonstrated that thermal stabilities of these PBTI copolyesters were substantially enhanced with the incorporation of more rigid butylene terephthalate comonomer.
INTRODUCTION
Poly(butylene itaconate) (PBI) is a novel hydroxyl-terminated unsaturated polyester which is prepared from 1,4-butanediol (BD) and bio-based materials itaconic acid (IA) by direct esterification-polycondensation method. Itaconic acid can be produced via bioconversion of renewable resources such as starch. In addition, a series of biodegradable aliphatic-aromatic copolyesters poly(butylene terephthalate-co-butylene itaconate) (PBTI) is synthesized by changing the monomer ratios of dmethyl trephthalate and itaconic acid to study the influence of dmethyl trephthalate on the thermal properties of PBI.
Thermogravimetry (TG) is a technique widely used because of its simplicity and the information afforded from a simple TG thermogram. In this paper, TG and differential thermogravimetry (DTG) measurements of PBI and PBTI polymers are reported; the kinetics of the thermal degradation of PBI and PBTI polymers in nitrogen from 30°C to 700°C are investigated using Friedman techniques which allow us to calculate every point in a TG curve and a DTG curve.
EXPERIMENTAL
2.1 Materials 1,4-Butanediol(BD, AR grade) was purchased from TianJin Tiantai Refine Chemical Co.,Ltd.
Itaconic acid (IA ,99%) was purchased from Qingdao Langyatai Group Co., Ltd. Dimethyl terephthalate(DMT,C.P grade) was purchased from YanTai SanHe Chemical Co., Ltd.Tetrabutyl titanate (TBT, AR grade) was purchased from Tianjin Kemiou Chemical Reagent Co., Ltd. Stannous chloride dihydrate(SnCl 2 ·2H 2 O, AR grade) was purchased from TianJin GuangCheng Chemical Reagent Co., Ltd. All above the chemicals used without further purification.
Synthesis of PBI and PBTI
PBI with the structural formula shown in Scheme 1 (a) was synthesized through a two-step procedure of esterification and subsequent polycondensation. The BD/IA feed molar ratio was preseted to 1.05. A series of PBTI with the structural formula shown in Scheme 1 (b) was synthesized through the same procedures. Here, a PBTI sample denoted as PBTI (40:60) represents theoretical comonomer composition equal to 40mol% for the butylene terephthalate (BT) and 60 mol% for the butylene itaconate(BI). 
Measurements
The TG and DTG thermogram were obtained using a TG/DTA7300 thermogravimetric analyzer from 30°C to 700°C at a heating rate of 10°C/min under N 2 atmosphere at 45 ml/min. Figure 1 depicted the typical TGA and corresponding DTG profiles for synthesized PBI as well as PBTI copolyesters. It was seen that samples of copolyesters , in addition to PBI, obviously showed TGA traces with only one weight-loss stage when they were heated up to high temperature. Considering the test samples were detected in a nitrogen atmosphere, so we speculated PBI and other copolyesters degraded in unzip way starting from end groups. PBI degraded in two stages because the PBI polyesters remained ethers byproducts which could took place degradation at a faster speed.
FIGURES AND TABLES
In the meantime, the thermal degradation profiles of the copolyesters were also found to differ from the PBI, and the aliphatic PBI exhibited lowest degradation temperature and thermal stability under inert nitrogen atmosphere. This result is prone to be accordingly interpreted by the less stable chain structures of the aliphatic-aromatic copolyesters with random comonomer sequential distribution. Since it has been well-known that for a random structural A-B copolymer, step-wise thermal degradation of the individual A and B building blocks may merge into one-step style of thermal degradation, and the temperature at maximum thermal degradation rate would be mediated between two individual temperatures of maximum degradation rates attributable to corresponding homopolymers. The decomposition temperature T d , the temperature at the maximum rate of decomposition T dm , E, n, lnZ, and char yield are presented in Table 1 . It was seen that there was a monotonous increase in initial thermal degradation temperatures (T d ) and temperatures at the maximum degradation rate point (T dm ) when the BT comonomer composition increased from 30% to 80%.
This indicated that the incorporation of aromatic BT comonomer could enhance thermal stabilities of the PBTI copolyester products.
The values of thermal degradation activation energy (E) as summarized in Table 1 tended to monotonously increase with an increase in the BT comonomer composition. Because the higher degradation activation energy (E) reflected the better thermal stability of a polymeric sample, the E values of the copolyesters suggested that a PBTI containing a higher BT block composition became more difficult to be thermally degraded. In addition, as for the thermal degradation parameter of degradation reaction order (n), an order of zero had been known for the most rapid degradation, and the increase in degradation reaction order parameter would lead to a slow degradation. 
EQUATIONS
Friedman method was uesd to evaluate the activation energy E, reaction order n, and frequency factor Z .
Friedman method
where α is the weight loss of the polymer undergoing degradation at time t, R is the gas constant
) and T is the absolute temperature (K). The plot of ln (dα/dt) as a function of 1/ T should be linear with a slope equal to E/R. Additionally, the E/(nR) value could be determined from the slope of a linear plot of ln (1-α) versus 1/ T.
SUMMARY
To sum up, thermal degradation and their kinetics have been studied for the biodegradable PBTI copolyesters. By means of thermal gravimetrical analyzer (TGA), thermal decompositions of these copolyesters were measured at a scanning rate of 10℃/min under inert nitrogen. TGA traces demonstrated that all the copolyester samples exhibited only one weight-loss stage when they were heated up to high temperature under the inert nitrogen. According to the Friedman model, the kinetic parameters were quantitatively estimated, strongly depending on the aromatic BT comonomer composition. The thermal stabilities of these copolyesters were substantially enhanced with increasing the BT comonomer population under nitrogen.
